The nodes of Wireless sensor networks (WSNs) are limited in power resources. In order to promise the WSN survivability and increase the network lifetime in such special-purpose environments, various energy-efficient schemes have been proposed. Network lifetime is limited due to the radio irregularities and fading effects in wireless channel. The cooperative multi-input and multioutput (MIMO) scheme is utilised to reduce the fading effects in wireless channel. Space-Time Block Codes are designed to achieve maximum diversity for a given number of transmit and receive antennas. In radio fading channel, STBC require less transmission energy than single-input single-output (SISO) technique for the same Bit Error Rate and can be employed practically in WSNs. Hence this paper proposes a coalition game formation to select the cooperative nodes for enabling packet transmission using cooperative MIMO. The proposed game enables higher energy savings by allowing nodes to transmit and receive information jointly. The performance of the cooperative MIMO utilizing coalition game is evaluated in terms of energy consumption and packet delay.
INTRODUCTION
Nodes in wireless sensor networks (WSNs) are usually powered by small batteries. Replacement or recharging of these sensors is typically difficult due to two reasons: (1) large numbers of sensors are deployed, for recharging nodes are more expensive and time consuming, and (2) in some disaster areas, it can be infeasible to reach the sensors once they are deployed [1] . Consequently, improving the energy efficiency in WSNs has always been a primary objective in recent research. Energy efficiency and maximising network lifetime have been the most important design goals for the network due to limited energy of sensor nodes. However, channel fading and radio interfering causes a challenge in design of energy efficient communication protocols for WSN. The multi-input multi-output (MIMO) scheme is utilised for sensor network to reduce the fading effects in wireless channel [2, 3] .
However the MIMO techniques require complex transceiver circuitry and signal processing leading to large power consumptions at the circuit level. However, the direct application of multi-antenna technique to WSN is impractical due to the limited physical size of sensor nodes which can typically support a single antenna [1] . Fortunately some individual sensor nodes can cooperate for the transmission and the reception in order to set up a cooperative-MIMO scheme. Cooperative is a type of MIMO technique where the multiple inputs and outputs are formed via cooperation in a network of single antenna nodes. The sensors cooperate with each other to form a MIMO structure and in fact lead to better energy efficiency and smaller end-to-end delay [4] .
Game theoretical techniques have recently been applied in many engineering applications, particularly in wireless communications [6] . The main proposal of this paper is to develop a methodology for sensors to dynamically form optimal collaborative coalitions. Coalition formation game is adopted to choose the cooperative nodes for transmission and reception. The game is formulated such that, the cooperative sensors are dynamically selected based on the residual energy, geographical location of the sensors and sensor distance in a cluster, to reduce the overall energy consumption [7] .
The rest of the paper is organised as follows: the cooperative MIMO is presented in section 2. The concept of space time coding is discussed in section 3, and the formation of coalition game is dealt in Section 4. The results and conclusions are discussed in the sections 5 and 6 respectively. 
COOPERATIVE MIMO
The cooperative MIMO is introduced in WSNs by utilising the mutual of dense sensor nodes with the broadcast wireless medium to provide reliable communication. Figure 1 shows the cluster to cluster communication. The system considers N t number of sensors in the transmitting cluster, N r number of sensors in the receiving cluster and one antenna is placed at one sensor. Within a group, sensor nodes can communicate with relatively low power as compared to inter-group communication. In the sending group, the signals from multiple sending nodes are encoded by space time block coding (STBC) technique and transmitted to the receiving group. At the receiver, space time decoding is used to separate the received signals and extract the original information. Fig. 2 shows the communication process of cooperative MIMO scheme, where the sensors at cluster 1 send the information data to the cluster head of cluster 2 in the following steps.
Cooperative Communication Process
Step-1: The sensors at cluster 1 send the data to their cluster head.
Step-2: The cluster head then aggregates the data.
Step-3: The cluster head send the aggregated data back to all the neighbour sensors in that cluster. At this stage, the selected sensors at cluster 1 have the same information data.
Step-4: The sensors transmit the aggregated data to the cluster 2 and after receiving the data at the receiving cluster sensors at cluster 2 transmit the received data to their cluster head locally and complete the cooperative communication [1] .
Cooperative MIMO MAC Protocol
The cooperative MIMO MAC protocol for coordinating transmissions from multiple nodes is discussed below. Consider the operation of source node that forwards a packet to destination as shown in Figure 2 . Cooperative MIMO MAC protocol, where the sensors at cluster 1 (transmit cluster) send the information data to the cluster head of cluster 2 (receive cluster); it first senses the channel to ensure that it is idle. If the channel is sensed to be busy, the node initializes a backoff timer and waits for the idle channel. When the channel is idle, the source node transmits a request-to-send (RTS) message to cluster head (CH). It then waits for the clear-to-send (CTS) reply from CH node to reserve the channel for data transmission.
Fig. 2 cooperative communication process
Now, the sensors at cluster 1 send the data to their CH after receiving the CTS. The cluster head then aggregates the data from its cluster by sending sequential clear to send (SCTS) within the specified time interval. The CH send recruit request to send (RRTS) to the neighbour nodes of cluster 1 and wait for SCTS and the aggregated data back to all the neighbour nodes in that cluster after receiving SCTS from its cluster. At this stage, the selected sensors at cluster 1 have the same information (aggregated data) transmit to the cluster 2 and after receiving the data at the receiving cluster, sensors transmit the received data to their cluster head locally
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also send the acknowledgement (ACK) to the nodes if cluster 1. Each node in the source-cluster transmits the data cooperatively using STBC coding [3] and waits for an acknowledgement (ACK) from the destination node. If no ACK is received, the retransmission process begins starting from neighbour recruitment.
Energy Consumption
Consider a scenario with N t senders and N r receivers involved in cooperative MIMO transmission. The energy consumed for an unsuccessful transmission attempt and for a successful transmission from sending to the receiving group using STBC MIMO MAC are calculated to analyse the overall energy consumption in a hop [11] .
The energy consumption for an unsuccessful transmission attempt is E ucoop = E mrts + E mcts +(N t -1)E scts +E bs +E data +(Nr-1)E col ... (1) and the energy consumption for a successful attempt is
where E mrts is the energy consumed in sending MIMO RTS E mcts is the energy consumed in sending MIMO CTS E rrts is the energy consumed in sending RRTS E scts is the energy consumed in sending SCTS E bs is the energy spent by the source node to send the data E data is the energy consumption for data transmission between sending and receiving group E col is the energy consumed by destination or sink node to collect the data from cooperative receiving group E ack is the energy consumed in sending ACK The total energy consumption for one-hop transmission in cooperative MIMO system in-terms packet error probability (p p ) of is given by
Packet Transmission Delay
Each packet transmission in cooperative MIMO may increase the packet delays. However, the reduction in the packet error probability with cooperative MIMO MAC reduces the occurrence of retransmissions which in turn reduces the packet delays. The duration of transmission attempt [1] that is successful using cooperative MIMO transmission is given by ack col data Bs cts Br rts coop (4) and the duration for an unsuccessful attempt is
where T rts is the transmission time for the RTS T Br is the transmission time of a recruitment message sent by the destination node T cts is the transmission time for the CTS T Bs is the transmission time required for the source node to send the data packet to its cooperating nodes T data is the transmission time for the data T col is the time required by the cooperating receiving nodes to send the data to the destination T ack is the transmission time for the ACK T wait is the duration for which sender waits for an ACK The total expected packet delay for cooperative MIMO MAC is given by
SPACE TIME BLOCK CODE
Space-time block codes are used for MIMO systems to enable the transmission of multiple copies of a data stream across a number of antennas and to exploit the various received versions of the data to improve the reliability of data-transfer. Space-time coding combines all the copies of the received signal in an optimal way to extract as much information from each of them as possible.
A space-time block code is defined by a N t × T bc transmission matrix Y, where N t represents the number of transmit antennas and T bc represents the number of time periods for transmission of one block of coded symbols [11] . The block diagram STBC encoder is shown in Fig.3 . The information bits are first modulated using M-array modulation scheme. The encoder then takes a block of two modulated symbols ... (7) In equation (7), the first column represents transmission period and the first row corresponds to the symbols transmitted from the first antenna and the second row corresponds to the symbols transmitted from the second antenna as shown in Figure 3 .
The element of Y in the i th row and j th column, x i,j , (where i=1,2,…,n T , j=1,2,…, T bc ) represents the signal transmitted from the cooperative node i at time j. In case of N t = 3 transmit cooperative nodes, the STBC transmission matrix Y 3 are used [12] and are defined by The inner product of the sequences enables the orthogonality for a given number of transmit cooperative nodes. In addition, it allows the receiver to decouple the signals transmitted using a simple maximum likelihood decoder [1] . The receiver estimates the transmitted signal x i and the decision statistics obtained at the decoder is given by The utility function u assigns a numerical value to the elements of the action set A ; for actions x, y ∈ A if u(x) ≥ u(y) then x must be at least as preferred as y.
In a coalitional game (N, ) with N players, the coalition value or utility of a coalition is determined by a characteristic function :2 N → R which applies to coalitions of players.
The game is modeled as (N, , S)
where N is the set of players, {1, 2….., n}  is the characteristic function based on the network energy. S is the partition of N, S N. The coalition formation is done using the merge and split algorithm [2] . During the coalition formation phase, the nodes form coalitions through an iteration of arbitrary merge and split rules repeated until termination. A coalitional game provides a cost value for each of the 2 The energy consumption of the sensor node which takes part in MIMO communication is given by
... (13) Where E 0 is the residual energy of the node P is the optimal energy consumption of the node decided from the iterations
. (14) Where
E i is the initial energy of the node E MIMO is the energy consumption of the node in the previous round In the coalition game formation phase, the nodes form coalitions through an iteration of arbitrary merge and split rules repeated until termination[2].
Utility Function
The objective is to reduce the total energy consumption in the network, so the utility function need to be define in which it reflects the energy consumed for data transmission and signal interference. The utility function proposed by Goodman et al. [13] appears to be a suitable choice when energy consumption is an important factor of the model:
When applying w to a node j, E j is the power used for message transfer by j and  j is the signal to interference and noise ratio (SINR) for j. In addition, R is the rate of information transmission in L bit packets in the WSN.The existence of some strategy sets E 1 ,E 2 ,….E Nt+1 for the nodes 1,2,….(N t +1). These sets consist of all possible energy levels ranging from the minimum transmit Energy E min to maximum transmit power E max given as
The game is played by having all the nodes simultaneously pick their individual strategies. This set of choices results in some strategy profile s s', and is called as the outcome of the game.
RESULTS AND DISCUSSIONS
The analysis of the proposed game is carried out using MATLAB 10.0. The parameters considered for simulation is summarised in Table 1 . The performance of proposed game based cooperative MIMO MAC protocol with STBC and uncoded schemes are evaluated in terms of energy consumption and packet delay from source to the destination node for the traffic conditions in the network. 
Energy Analysis of uncoded MIMO and MIMO with STBC schemes
The energy consumption for various diversity orders (22, 33 and 44) with the uncoded system for the proposed MAC protocol is shown in Figure 4 . For lesser cooperative sending and receiving group sizes, Symbol Error Rate (SER) increases at low signal to noise ratio (SNR), which in turn results in multiple retransmissions, thereby resulting in higher energy consumption of sensor node.
As the SNR increases, reduction in SER decreases energy consumption. It can be seen from the Figure 4 the energy consumption is 16% lesser when 4  4 cooperative nodes are used at transmit and receive clusters. This reduction in energy consumption is due to higher diversity gain of cooperative MIMO systems. The energy consumption of various diversity orders (22, 33 and 44) are presented for the STBC scheme in Figure 5 . When comparing the performance of the STBC with the uncoded scheme shown in Figure 4 , it is observed that there is a significant reduction in energy consumption because of diversity gain of coded MIMO system. The energy consumption with 4×4 diversity order is 14% lesser than that of 22 MIMO configuration. The increase in cooperative group size by 33 and 44 will give better performance in STBC coded scheme. Moreover, the maximum number of cooperative nodes used for simulation is restricted to four as further increase of it introduces hardware complexity and cost of the system. Figure 6 using uncoded scheme. The packet delay keeps decreasing at low SNR with the increase in the number of receiving cooperative nodes. The decrease in delay is due to lesser SER and fewer retransmissions in the system. In the cooperative group size 4×4 has fewer data retransmissions and results in 3% lesser packet latency than 22 system. 
Delay Analysis of Cooperative MIMO MAC with STBC Scheme
The delay performance with STBC scheme for various transmit and receive group sizes (22, 33 and 44) are described in the Figure 7 . The delay keeps reducing with the increase in the diversity order due to fewer packet retransmissions. It is vivid from the figure that the STBC based cooperative MIMO MAC scheme with diversity order of 22 incurs a increase in delay of about 70 % and 82% over 33 and 44 MIMO system repectively. Fig. 7 Packet delay of STBC coded scheme for fixed group size MIMO configurations Figure 8 demonstrates the energy comparison of MIMO system with STBC and uncoded schemes for various diversity. In coded scheme the number of packet retransmissions decreases and results in lesser energy consumption. It is obvious STBC consumes lesser energy by an amount of 32% than uncoded scheme. This is due to the fact that STBC provides better diversity gain and lesser hardware complexity. 
Energy Analysis Comparison of Cooperative MIMO MAC with STBC and uncoded Scheme

Delay Analysis Comparison of Cooperative MIMO MAC with STBC and uncoded Scheme
The delay incurred by the cooperative MIMO MAC protocol is due to transmission of RTS, CTS, ACK and data between the sending and receiving group. Fig.9 illustrates the delay responses of cooperative MIMO configuration for STBC and uncoded schemes. It is vivid that STBC offers better performance in terms of delay over uncoded scheme by providing better diversity gain for transmission of data packets from the source to destination cluster.
Fig.
Delay analysis comparison of fixed cooperative group size for STBC coding and uncoded scheme
CONCLUSION
A MAC protocol utilising cooperative MIMO transmission in wireless sensor network has been explored to maximise the network lifetime. The performance of the cooperative MIMO MAC system is evaluated for various orders of diversity (2×2, 3×3 and 4×4) with uncoded scheme and STBC and in terms of energy and delay. Simulation results prove that 4×4 MIMO configuration with space time block code performs better and consume lesser energy and delay for packet transmission than uncoded scheme. This results from the reduction in SER and diversity gain of higher order MIMO configurations. Till the value of SNR reaches 7dB, the total energy consumed and delay decreases as the order of diversity increases beyond which however the lowest diversity order (2x2) has the minimum energy and delay due to lesser number of nodes to be recruited and used for data. The performance of the cooperative MIMO utilizing coalition game is reduced the energy consumption to increase the network lifetime.
